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[57] ABSTRACT

The preferred embodiments of the invention disclosed
herein comprise a first or main control valve means and
a second valve means including a pressure reducing

valve arrangement both controlled by the same actuator
means. Initial operation of the actuator means opens the
second valve means and its further operation opens the

first valve means. The valve means are constructed and
arranged so that inlet pressure provides a force tending
to close the first valve means and another force which
tends to open the second valve means whereby proper
sequential operation of the valves is assured and so that
the force acting to open the second valve 1s transmitted
to the first valve when it is being opened.

22 Claims, 6 Drawing Figures
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TWO-STAGE CONTROL VALVE

This application is a continuation-in-part of applica-
tion Ser. No. 511,808 filed on Oct. 3,1974 for Two-
- Stage Control Valve, now abandoned.

This invention relates generally to valves and, more
specifically, to two-stage sequentially operated valves
for controlling the flow of fluid in applications having
two different flow requirements.

The mvention disclosed herein has application in the
control of fluid flow where the initial flow requirement
includes a high pressure differential and wherein a later
flow requirement includes a significantly lower pressure
differential. Applications of this type include control-
ling the flow of feed water from the feed water pumps
to the steam generator of a generating system, particu-
larly, a reactor powered generating system. From the

startup condition to about 15% of full load, a high pres-
sure differential exists between the feed water pumps

and the steam generator so that a small valve including
a pressure reducing arrangement should be used to
control flow of the feed water; from about 15% of full
load to full load, a significantly smaller pressure differ-
ential exists between the feed water pumps and the
steam generator so that a larger or main control valve

should be used.
In generating systems of the type noted above, it has

been usual to provide a two-valve system between the
feed water pumps and the steam generator. One valve in
the system is relatively large and functions as the main
control valve while the other valve is smaller, includes
a pressure-reducing arrangement and is connected in
parallel to the main valve. The feed water initially flows
through the smaller valve including the pressure-reduc-
ing arrangement until the generator is operating at
about 15% of full load at which time the main valve is
opened.

The two-valve system described above is a somewhat
complex arrangement requiring extra piping, connec-
tions, and, of course, an extra valve. Accordingly, the
cost of the system is somewhat expensive, particularly
in view of the added labor costs required for the instal-

lation of the extra apparatus.
An alternative to the two-valve system described

above would involve the use of a single two-stage se-
quentially operated valve assembly including a main
control valve and a secondary control valve of the type
noted above. Various valve assemblies of this type are
known in the prior art, but are not considered entirely
satisfactory. For example, most of the known valve

assemblies of this type utilized mechanical arrange-
ments to provide for the sequential opening and closing

of the main and secondary control valves. Because of
the nature of these mechanical arrangements, malfunc-
tions can occur such that the valves would not operate
in their proper sequence. Also, in applications where
fluid under high pressure is present on the inlet side of
the valve assembly prior to opening of the valves, an-
other problem has been noted. In known two-stage

valve assemblies, the fluid pressure acts on either one or 60

both of the valves developing high forces that must be

- overcome when the valves are opened. Thus, actuating
~ mechanisms developing high forces must be utilized,

 adding to the expense of the valve assemblies.

Still another problem presented by a known two-
stage valve assemblies results from the usual arrange-
ment 1n which both the main and secondary control
valves can be open simultaneously. At lower flow con-
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ditions, particularly after the main control valve has just
opened, most of the flow is through the secondary con-
trol valve and only a relatively small flow is through the
main control valve. At these relatively low flow condi-
tions the main control valve operates with a low degree
of accuracy and is subject to wire drawing. In addition,
the valve seat forming part of the main control valve
can sustain structural damage. -

It 13 an object of this invention, therefore to provide
a two-stage sequential valve assembly and constructed
SO that its proper sequential operation is assured.

It is still another object of this invention to provide a
two-stage sequential valve assembly arranged and con-
structed so that excessively high forces are not required
to open the valves.

It 1s yet another object of this invention to provide a
two-stage sequential valve assembly arranged and con-
structed so that fluid pressure acts to assure the proper
sequential operation of the valves and require minimal
actuation forces.

It 1s yet another object of this invention to provide a
two-stage sequential valve assembly including a main
control valve and a secondary valve arranged and con-
structed so that after the main control valve opens the
flow of fluid is transferred from the secondary control
valve to the main control valve,

Finally, it is an object of this invention to provide a
iwo-stage sequential valve assembly that is relatively
simple, easy to install and inexpensive.

These and other objects of the invention are realized
by providing a two-stage sequentially operated valve
assembly including an inlet port and an outlet port and
first and second valve means each controlling the flow
of fluid from the inlet port to the outlet port. The first
valve includes a portion in communication with the
inlet port whereby inlet pressure acts on that portion
when the valve is closed to assure that the valve re-
mains closed. The second valve also includes a portion
In communication with the inlet port whereby the inlet
pressure acts on that portion to exert a force tending to
open the second valve when it is in its closed position.

The configuration of the second valve is such that the
force tending to open the second valve is either not

offset by any other fluid pressure force or is balanced by
any such other forces. An actuator mechanism is opera-
tively associated with the valves and functions to ini-
tially open the second valve and thereafter open the
first valve. Because of the communication between the
valves and the inlet port, proper sequential operation of

the valves is assured and because of the arrangement of
the actuator mechanism and the valves, the forces re-

quired to actuate the valves are minimized.

More particularly, the first valve functions as the
main control valve and has one face that cooperates
with a valve seat to control the flow of fluid and an-
other face in communication with the inlet port and on
which the inlet pressure acts. The second valve includes
a pressure-reducing arrangement and also includes a
face that cooperates with a valve seat to control the
flow of fluid. Another face of the second valve bears on
a surface of a piston member carried by the actuating
mechanism and that surface is in communication with
the inlet port so that inlet pressure acts thereon. Opera-
tion of the actuator mechanism initially opens the sec-
ond valve and moves the piston member. Thereafter as
the piston member continues to move the first valve is
opened.
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In one preferred embodiment of the invention a flow
control arrangement is provided between the inlet port
and the second valve for allowing the flow of fluid from
the inlet port to the second valve when the first valve 1s
closed and for discontinuing the flow of fluid from the
inlet port to the second valve after the first valve has

opened. With the described flow control arrangement

the fluid initially flows from the inlet port to the second
valve is discontinued and all of the flow 1s transferred to

the first valve.

For a better understanding of the invention, reference
is made to the following description of a preferred em-
bodiment, taken in conjunction with the FIGS. of the
accompanying drawing in which:

FIG. 1is a partial section view of a two-stage sequen-
tially operated valve assembly in accordance with one
embodiment of this invention; |

FIG. 2 is an enlarged section view of the valve por-
tion of the valve assembly illustrated in FIG. 1;

FIG. 3 is a section view taken along line 3—3 of FIG.
2: -

FIG. 4 is a view of the pressure reducing arrange-
ment illustrated in FIG. 2 in its open position;

FIG. 5 is an enlarged section view of the valve por-
tion of another embodiment of a valve assembly in ac-
cordance with this invention and illustrating the valves
in closed positions, and,

FIG. 6 is an enlarged section view of the valve por-
tion illustrated in FIG. 5, but showing the valves 1n
open positions. |

Referring now to FIGS. 1-4 of the drawings, there is
shown one preferred embodiment of a two-stage se-
quentially operated valve assembly in accordance with
this invention including an actuating assembly 10 and a
valve assembly 12. Actuating assembly 10 could be of
any suitable type, either manually, mechanically, elec-
trically or hydraulically controlled and will be de-
scribed in somewhat more detail hereinafter. Valve
assembly 12 includes a generally cylindrical housing 14
having a radially disposed inlet port 16 formed through
its side wall and an axially disposed outlet port 18
formed by the lower end of a central bore extending
longitudinally through the housing. As used herein the
terms “upper and lower” refer only to the orientation of
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the valve assembly in the drawings to simplify the de- 45

scription in the specification, but it should be under-
stood that other orientations of the valve assembly are
possible and that these terms are not used by way of
limitation. Between ports 16 and 18 are a first control
valve 20 and a second control valve 22 each operatively
connected to actuating assembly 10 for controlling the
flow of fluid between the ports as will be explained
hereinafter.

Formed in the bore in housing 14 and radially adja-
cent inlet port 16 is an annular flow chamber 24 which
extends from the upper end of outlet port 18 to an inter-
nal flange 25 formed adjacent the upper end of housing
14. At the juncture of the outlet port 18 and flow cham-
ber 24 is formed an annular shoulder 26 in which is
located a valve seat 28 forming part of first control
valve 20 and which is clamped in place by the lower
end of a generally cylindrical guide sleeve 30 and a
mounting bonnet 32 on which actuator assembly 10 1s
carried. Guide sleeve 30 is formed with a stepped bore
including a large diameter bore 34 and a reduced diame-
ter bore 36. Spaced adjacent the lower end of guide
sleeve 30 and above valve seat 28 are a series of cross
ports 38 that communicate between flow chamber 24
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and the large diameter bore 34 for reasons to become

‘clearer hereinafter.

Slidably carried in guide sleeve 30 is a main valve disc
40 having a generally outer cylindrical portion 42
formed with a series of cross ports 44 and an annular
flow chamber 46 both of which communicate with
cross ports 38. The diameter of cylindrical portion 42 is

slightly less than that of bore 34 of guide sleeve 30 so
that a flow passage 48 is formed between cross ports 38
and bore 34. However, the diameter of cylindrical por-

tion 42 below cross ports 44 is enlarged to have a sliding
fit with bore 34 of guide sleeve 30 and this can be suit-
ably provided by use of an appropriate liner 50. Extend-
ing from the lower end of cylindrical portion 42 are first
and second frustoconic surfaces 52 and 54, respectively,
and liner 50 also extends over these surfaces. First sur-
face 52 cooperates with valve seat 28 to form the first or
main control valve 20 between ports 16 and 18.

At the upper end of cylindrical portion 42 is formed
another frusto-conical surface 56 which surface termi-
nates at a cylindrical surface portion 58 having a diame-
ter less than that of cylindrical 42 and slightly less than
that of bore portion 36 in guide sleeve 30 so that cylin-
drical surface portion 58 has a sliding fit therein. With
this arrangement, a pressure chamber 59 i1s formed be-
tween cylindrical surface portion 58 and bore 34 of
guide sleeve 30 which is in communication with the
inlet port 16 through flow passage 48, cross ports 38,
and annular flow chamber 24. Thus, fluid pressure on
the inlet side of valve assembly 12 acts on frusto-conic
surface 56 developing a force acting to seat surface 52
on valve seat 28 keeping first valve 20 closed.

Extending longitudinally through main valve disc 40
is a central stepped bore including a first reduced diam-
eter bore 60 terminating in a shoulder 62 adjacent the
bottom of flow chamber 46. Above flow chamber 46 is
an enlarged bore 63 which is internally threaded
throughout a portion of its axial length and which coop-
erates with external threads formed on a guide sleeve 64
to secure the guide sleeve to the main valve disc. A set
screw 66 can be used to lock the guide sleeve to the
main valve disc. Cross-ports 635 are formed at the lower
end of guide sleeve 64 and communicate with inlet port
16 through flow chamber 46, cross-ports 44 and 38 and
flow chamber 24.

Seated on shoulder 62 and clamped thereto by the
lower end of guide sleeve 64 is a radial flange 66 formed
on the upper end of a generally cylindrical sleeve mem-
ber 68 extending downwardly through bore 60 in main
valve disc 40. The inner surface of sleeve member 68 is
formed with a plurality of spaced land members 70
defining a plurality of fluid chambers 72 described heri-
nafter. At the upper end of the inner surface of sleeve
member 68 is formed a valve seat 74 which cooperates
with a conical surface 76 to form second control valve
22. Conical surface 76 is formed on the lower end of a
cylindrical member 78. When conical surface 76 seats
on valve seat 74, of course, fluid flow between ports 16
and 18 is prevented.

Formed through the upper end face of cylindrical
member 78 is a threaded bore 80 which cooperates with
an externally threaded portion 82 of an actuating stem
84 which is formed with a thread 85 cooperating with a
limiting jam nut arrangement 86, and which extends
through the end face 88 of guide sleeve 64. If desired, an
additional locking pin 90 can be used to secure actuating
stem 84 to cylindrical member 78. Adjacent the exter-
nally threaded end of actuating stem 84 is carried a
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piston member 92, one face 94 of which seats on the end
face of cylindrical member 78. Face 94 of piston mem-
ber 92 communicates with a pressure chamber 95
formed by the inner surface of guide sleeve 64, cylindri-
cal member 78 and valve 22 when closed. Thus fluid
pressure on the inlet side of valve assembly 12 acts on
piston face 94 developing a force tending to open sec-

ond valve 22. Piston member 92 is slidably received in
an enlarged diameter portion 96 of sleeve member 64
which terminates in a further reduced diameter portion
98 forming a stop shoulder 100. Normally, the adjust-
able jam nuts 86 will engage the lower face of the upper
end wall sleeve 64 to limit movement of the stem 84
relative to the main valve disc 40. Further upward force
on actuating stem 84 after the adjustable jam nut 86
engages the end face of the sleeve 64 will be transmitted

to main valve disc 40 and cause 1t to move as will ex-

plained hereinafter.
In the preferred embodiment of the invention dis-

closed in FIGS. 1-3, valve 22 formed by valve seat 74
and valve member 76 is adapted to operate at a high
pressure differential and includes a pressure reducing
arrangement which can be of any suitable type. How-
ever, the particular type disclosed herein includes a
series of inclined throttling recesses 104 formed on the
outer surface of a valve shaft 106 carried by valve mem-
ber 76 and extending downwardly through sleeve mem-
ber 68. In the closed position of valve 22, recesses 104
extend between adjacent land members 70 and i1n the
open position, extend between adjacent chambers 72
formed between the lands. Thus, as clearly shown by
the arrows in FIG. 4 of the drawings, when valve 22 1s
open, fluid is throttled through recess 104 into the
chambers 72 which act as decompression chambers
reducing fluid pressure until the fluid is discharged
through outlet port 18. For a more complete description
of certain principles of operation of the pressure reduc-
ing arrangement disclosed herein, reference is made to
U.S. Pat. No. 3,252,480 issued to Odendahl et al., on
May 24, 1966, the disclosure of which 1s incorporated

herein by reference.
As seen in FIG. 1 of the drawings, a chamber 108 is

formed above end face 88 of guide sleeve 64 and the
inner face of mounting bonnet 32 which could be filled
by pressurized fluid due to leakage in the valve assem-
bly. While it is noted that appropriate seals are pro-
vided, some leakage can occur. To relieve the pressure,
a suitable relief passage 110 is formed through actuator
stem 84, cylindrical member 78 and valve shaft 106. It is
also noted that because of leakage, the chamber 109
formed between the top face of piston 92 and the lower
face opposite face 88 of the guide sleeve 64 can accumu-
late fluid therein. As the valve 22 opens, the piston 92
which is moved upwardly by the actuating assembly 10
forces accumulated fluid in chamber 109 to flow out
through the same leakage path through which is entered
the chamber and between actuating stem 84 and the end
wall of guide sleeve 64 where it 1s also discharged
through relief passage 110. In some instances the pres-
ence of fluid in chamber 109 can have a beneficial effect.
If pressure inlet forces tending to open valve 22 are
sufficiently high, the valve 22 could override actuating
assembly 10 causing jam nuts 86 to strike the upper end

wall of chamber 99 with a relatively large force. Any 65

fluid in chamber 109 provides a beneficial snubbing
effect. Thus, opening of valves 20 and 22 1s not pre-

vented.
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As noted previously, actuating assembly 10 can be of
any suitable type. That illustrated in the drawing is
pneumatically operated and is equipped with a manual
override operable through use of a handwheel 112. Also
associated with actuating assembly 10 is a suitable set of
limit switches 114 and 116 which cooperate with a
switch member 118 carried on actuator shaft 85 to shut

off the motor driving the actuator shaft. In addition,
switch member 114 can be associated with a suitable
indicator 120 to indicate the operational mode of the
valve assembly.

Operation of the valve assembly will now be ex-
plained. As illustrated in FIGS. 1 and 2 of the drawings,
valves 20 and 22 are closed so that conical surface 52 is
seated on valve seat 28 and conical surface 76 is seated
on valve seat 74. In this condition, of course, fluid flow
between ports 16 and 18 is prevented, but fluid under
pressure is present on the inlet side of valve assembly
12, that 15, inlet port 16, in flow chamber 24, cross ports
38, cross port 44, flow chamber 46, and pressure cham-
ber 59 through flow passage 48 and also in pressure
chamber 95. Because of the pressurized fluid in chamber
59, pressure is exerted on conical surface 56 which
exerts a force acting to close the main valve member by
seating surface 52 on valve seat 28. Because of the pres-
ence of pressurized fluid in chamber 95, pressure is
exerted on face 94 of piston member 92 which develops
a force acting to move actuator stem 84 upwardly and
open second valve 22 by lifting conical surface 76 from
valve seat 74. The actuator mechanism 10 can thus
function to control operation of the first and second
valves with a minimum of force. |

When it is desired to allow the movement of fluid
across the valve assembly, actuating assembly 10 is
activated driving actuator shaft 85 and stem 84 up-
wardly. Initial movement of stem 84 opens valve 22 by
lifting conical surface 76 off of valve seat 74 allowing
fluid to flow through the pressure reducing arrange-
ment and outlet port 18. Movement of stem 84 and
opening of valve 22 is facilitated by pressure acting on
face 94 of piston 92, as noted above, and at the same

time, pressure acting on conical surface 56 maintains
main control valve 20 closed. As actuator stem 84 con-

tinues its upward movement, the jam nuts 86 engage the
end wall of the sleeve 64 to cause movement of the main
valve disc 40. In the alternative, the face of piston 92
may engage the stop shoulder on the sleeve 64 to trans-
mit the actuating force to main valve disc 40. At this
point, the main valve disc 40 moves upwardly opening
main control valve 20 by lifting conical surface 52 off of
valve seat 28. Fluid now flows through main valve 20.
As soon as the main valve disc 40 starts to move up-
wardly, the flow through crossport 44 to the valve 22
starts to decrease because the cross-ports 44 move out
of registry with cross-ports 38. When liner 54 engages
the inner surface of bore 34, flow through the crossports
44 to the valve 22 is discontinued. With this arrange-

ment the fluid flow is gradually transferred from the
valve 22 to the valve 20.

Thus, it can be seen that proper sequential operation
of the valves i1s assured due to the pressure tending to
open second valve 22 and tending to close first valve 20.
In addition, it can be seen that the force tending to open
second valve 22 1s opposed only by the force exerted by
actuating mechanism 10 so that a high force is not re-

quired to open it. Also, when the jam nuts engage the

end wall of the sleeve 64, the force acting to open the
second valve is transmitted to main valve disc 40 par-
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tially offsetting the force acting to close first valve 20
and reducing the force required to open it. Because of
the relationship between face 94 of piston 92 and surface
56, the resulting force acting on main valve disc 40 1s
relatively small and acts to keep first valve 20 closed
preventing it from opening until stem 84 continues fur-
ther movement. It can also be seen that the fluid flow is
gradually transferred to valve 20 after it opens by re-
ducing flow to the valve 22. |

Referring now to FIGS. 5§ and 6 of the drawing there
is shown another preferred embodiment of a two-stage
sequentially operated valve assembly in accordance
with this invention. Since the embodiment shown in
FIGS. 5 and 6 is generally similar to the embodiments
shown in FIGS. 1 through 4, like reference numerals
with the suffix ¢ will be used in the following descrip-
tion when referring to like parts. As in the embodiment
of FIGS. 1 through 4 of the drawing, the embodiment
of FIGS. § and 6 include an actuating assembly, not
shown, but which can be generally similar to actuating
assembly 10 shown in FIG. 1 of the drawing. There i1s
also a valve assembly 122 which is mounted in a gener-
ally cylindrical housing, not shown, but generally simi-
lar to housing 14 illustrated in FIG. 1 and formed with
a radially disposed inlet port 16a and an axially disposed
outlet port 18a2. Between ports 16a and 18a are a first
control valve 20a and a second control valve 224 each
operatively connected to the actuating assembly for
controlling the flow of fluid between the ports. Formed
in the bore in housing 14a and radially adjacent inlet
port 16a is an annular flow chamber 24a which extends
about the upper end of outlet port 18a. At the juncture
of outlet port 18z and flow chamber 24q is formed an
annular shoulder 264 in which is located a valve seat
28a forming part of first control valve 20q and which i1s
clamped in place by the lower end of a generally cylin-
drical guide sleeve 302 and a mounting bonnet 322 on
which the actuator assembly is carried. The guide
sleeve 30a is formed with a stepped bore including a
large diameter bore 34a and a reduced diameter bore
36a. Spaced adjacent the lower end of guide sleeve 30a
and above valve seat 28a are a series of cross ports 38a
that communicate between flow chamber 24a¢ and
larger diameter bore 34a.

Slidably carried in the guide sleeve 30c¢ is a main
valve disc 40a having a generally outer cylindrical por-
tion 42q formed with a series of cross ports 44a and an
annular flow chamber 462 both of which communicate
with cross ports 38a. Cross ports 44q having a relatively
small diameter as compared to the cross ports 38a and
are located in the direction axially of guide sleeve 30a,
closely adjacent the periphery of cross-ports 38a spaced
furtherest from valve seat 28a. That is, cross-ports 44a
are closely adjacent the top of cross-ports 38a as viewed
in the drawing. The diameter of cylindrical portion 42q
is only slightly less than that of bore 344 and is covered
with a liner 502 so that the cylindrical portion has a
sliding and sealing fit with the bore. Extending from the

lower end, as seen in the drawing, of cylindrical portion

42 are first and second frusto-conic surfaces 52 and
54a, respectively, and liner 50a also extends over these
surfaces which cooperate with valve seat 28a to provide
the first or main control valve 20a between ports 16a
and 18a.

At the upper end of cylindrical portion 42z is formed
another frusto-conic surface 56a which surface termi-
nates at a cylindrical surface portion 58a having a diam-
eter less than that of cylindrical portion 42a and slightly
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less than that of bore portion 364 in the guide sleeve 30a
so that cylindrical surface portion 584 has a sliding fit in
the latter. With this arrangement, a pressure chamber
99a 1s formed between cylindrical surface portion 58a
and bore 34a of guide sleeve 302 which is in communi-
cation with inlet port 164 through flow passages 48a in
the form of ports formed in guide sleeve 30a adjacent
the top, as viewed in the drawing of annular chamber
24a. Thus, fluid pressure on the inlet side of valve as-
sembly 12a acts on frusto-conic surface 56a developing
a force acting to seat surface 52a on the valve seat 28a
and keeping the first valve 20ag closed.

Extending longitudinally through main valve disc
40aq 1s a central stepped bore including a first reduced
diameter bore 60ag terminating in a shoulder 62a adja-
cent the bottom of flow chamber 46a. Above flow
chamber 46a is an enlarged bore 63z which is internally
threaded throughout a portion of its axial end and
which cooperates with external threads formed on a
guide sleeve 64a to secure the guide sleeve to the main
valve disc. If desired, a set screw can be used to lock the
guide sleeve to the main valve disc. Cross-ports 65a are
formed at the lower end of guide sleeve 642 and com-
municate with inlet port 16a through flow chamber 464,
cross-ports 44a and 38a and flow chamber 24aq.

Seated on shoulder 622 and clamped thereto by the
lower end of guide sleeve 64a 1s a radial flange 66a
formed on the upper end of a generally cylindrical
sleeve member 68a extending downwardly through
bore 60a in main valve disc 40a. The inner surface of
sleeve member 68a i1s formed with a plurality of spaced
land members 70a defining a plurality of fluid chambers
72a which will be further described hereinafter. At the
upper end of the inner surface of sleeve member 68a is
formed a valve seat 74a which cooperates with a coni-
cal surface 76a formed on the lower end of a cylindrical
member 78a to provide second control valve 22a. When
conical surface 76a seats on valve seat 74a, of course,
fluid flow between ports 16¢ and 184 1s prevented.

Formed through the upper end face of cylindrical
member 78a 1s a threaded bore 80a which cooperates
with an externally threaded portion 82a of an actuating
stem 844 to couple the cylindrical member to the actuat-
ing stem. Actuating stem 84a extends through the end
face 88a of guide sleeve 644 and 1s formed with another
externally threaded portion 83¢ which cooperates with
a limiting jam nut arrangement 86a for a purpose to be
made clear. If desired, a locking pin 902 can be used to
secure actuating stem 84a to cylindrical member 78a.
Adjacent limiting jam nut arrangement 86a actuating
stem 84q carries a piston member 924, one face 94a of
which seats on the end face of cylindrical member 78a.
The piston member 92q is slidably engaged within the
sleeve 64a and has a diameter equal to or less than the
diameter of valve seat 74a. The diameter of cylindrical
member 78a is less than that of piston member 92a to
provide the face 94a. Adjacent the valve seat 76a the
cylindrical member 78a is formed with an enlarged
portion having a diameter approximately equal to the
diameter of the piston member 92g and joined to the
cylindrical portion by a tapered frusto-conic surface
79a. Both face 94a of the piston member 92a and frusto-
conic surface 792 communicate with a pressure cham-
ber 95a formed by the inner surface of guide sleeve 64q,
cylindrical member 78a¢ and valve 22a¢ when closed.
Thus, fluid pressure on the inlet side of valve assembly
12a acts on piston face 94a developing a force tending
to open second valve 22a and also acts on frusto-conic
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surface 79a developing a force tending to-close second
valve 22a. Because of the equality of the diameter of
piston face 94g and the enlarged portion of cylindrical
member 78a these forces substantially balance each
other so that when valve 22a is closed, fluid pressure
does not exert any net opening or closing force on the
second valve.

Piston member 92 is slidably received in an enlarged
diameter portion 96a of sleeve member 64a which ter-
minates in a further reduced diameter portion 98a form-
ing a stop shoulder 100a. Normally, adjustable jam nut
assembly 86a will engage the inner face of the upper end
wall of sleeve 64a to limit movement of the stem 844
relative to the main valve disc 40a. Upward force acting
on actuating stem 84a after upper wall adjustable jam
nut assembly 86a engages the inner face of the sleeve
64a will be transmitted to main valve disc 40¢ and cause

it to move as will be explained hereinafter. _
As in the embodiment of the invention disclosed in

FIGS. 1-4, the valve 22a formed by valve seat 74a and
valve member 76a is adapted to operate at a high pres-
sure differential and, accordingly, also includes a pres-
sure reducing arrangement which can be of any suitable
type, but which is disclosed as similar to that disclosed
with respect to FIGS. 1-4. That 1s, the pressure-reduc-

ing arrangement includes a series of inclined throttling
recesses 104a formed on a valve shaft 106a carried by

valve member 76a and extending downwardly through

sleeve member 68a. The throttling recesses 104a coop-
erate with chambers 724 formed between the lands 70a
to reduce the fluid pressure until the fluid is discharged

through the outlet port 18a.

As also seen in FIGS. 5 and 6 of the drawing, a cham-
ber 108¢ is formed above end face 88a of guide sleeve
64a and the inner face of mounting bonnet 32a. This
chamber 108a could be filled by pressurized fluid due to
leakage in the valve assembly. To relieve the pressure,
a suitable relief passage 110z is formed through actuator
stem 84a, cylindrical member 78a and valve shaft 106q.
Normally, the passage 110a is closed by the bore
through the end wall 88¢ when the first and second

valves are closed. As the second valve 1s open, passage
110¢ communicates with chamber 108z to relieve the

pressure therein by allowing the fluid to be discharged.
As with the embodiment of FIGS. 1-4, it 1s also noted
that because of leakage, the chamber 109¢ formed be-
tween the top face of piston 92¢ and the lower face
opposite face 88a of the guide sleeve 84a¢ can accumu-
late fluid therein. As the valve 22a opens, the piston 92a

which is moved upwardly by the actuating assembly
forces accumulated fluid in chamber 1092 to flow out

through the same leakage path through which it entered
the chamber and between actuating stem 84a¢ and the
end wall of guide sleeve 64a where it is also discharged
through relief passage 110a. In a manner similar to that
described with respect to the embodiment of FIGS. 1-4,
the presence of leakage fluid in chamber 1092 can pro-

vide a beneficial snubbing effect.
Operation of the valve assembly disclosed in FIGS. 3

and 6 of the drawing will now be explained. In FIG. 3
valves 20q and 22a are closed so that conical surface 52a
is seated on valve seat 28¢ and conical surface 76a 1s
seated on valve seat 74a. In this condition, of course,
fluid flow between ports 162 and 18« is prevented, but
fluid under pressure is present on the inlet side of valve

assembly 12. Because of the pressurized flmid in cham-
ber 59a, pressure is exerted on conical surface 56a

which exerts a force acting to close the main valve
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member by seating surface 52a on valve seat 28a. Be-
cause of the presence of pressurized fluid in chamber

95a, pressure is exerted on face 94a of piston member
92a and on frusto-conic surface 79a which forces sub-
stantially balance each other so that no net opening or
closing force is exerted on the second valve member by
the fluid pressure. The actuator mechanism can thus
function to control the operation of the first and second
valves with a minimum of force required.

When it 1s desired to allow the movement of fluid
across the valve assembly, stem 84¢ is moved upwardly
as viewed in the drawings. Initial movement of stem 84«q
opens valve 22a by lifting conical surface 76z off of
valve seat 74a allowing fluid to flow through the pres-
sure reducing arrangement and outlet port 18a. Move-
ment of stem 84a and opening of valve 224 is facilitated

once the valve is open by the fluid pressure in chamber
95a acting on valve surface 76a. Thus, the net fluid

pressure force acting on the valve assembly acts in the
opening direction. This initial movement of valve stem
84a also opens passage 110z allowing fluid in chamber
108a to flow to outlet port 18a and therefore relieves
any pressure on sleeve 64a which would resist opening
of main valve disc 40a.

As actuator stem 84¢ continues its upward move-
ment, jam nut assembly 86a engages the inner wall of
the sleeve 64a to cause upward movement of main valve

disc 40a away from valve seat 28a. Until this time, the
fluid pressure in chamber 5%a acts on surface 56a¢ of

main valve disc 40a and keeps the valve closed. After
jam nut assembly 86a engages the inner wall the force
exerted by actuator stem 84a i1s transferred to main
valve disc 40q and lifts the main valve disc upwardly so
that conical surface 52¢ no longer engages valve seat.
Just after main valve 20a opens, cross-ports 44¢ move to
a position adjacent the surface of bore 34a and when
Iiner 30a engages the surface of the bore above the
cross-ports 38a, the flow to chamber 954 is discontinued
as 1s flow to second valve 22a. Thus the cross-poris 382
and the surface of bore 34¢ function as flow control

means between inlet port 16a and second valve means
23a. which starts to discontinue flow through second

valve 22a just after the main valve 202 opens and which
gradually transfers all the fluid flow through the main
valve.

When the flow across the valve assembly is to be
discontinued, actuator stem 84« is moved downwardly
until second valve surface 76a engages second valve
secat 74a. Further downward movement of stem 84a
causes main valve disc 40a to also move downwardly
until main valve surface 52a engages main valve seat
284. At this point both valves 20¢ and 22a are closed
and flow across the valve assembly stops.

Thus, in the embodiment disclosed in FIGS. 5 and 6
of the drawing, similar to the embodiment of FIGS. 1-4,
it can be seen that sequential operation of a two-stage
valve 1s also assured because of fluid pressure force
acting to maintain the main valve closed and that only
minimal force is required to open the pressure reducing
valve. It can also be seen that the fluid flow 1s trans-
ferred to the main control valve after it opens and flow
to the pressure reducing valve is discontinued.

While in the foregoing there has been disclosed sev-
eral preferred embodiments of a two-stage sequentially
operated valve assembly in accordance with this inven-
tion, it should be obvious that various modifications and
changes can be made without departing from the true
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spirit and scope of the invention as recited in the ap-
pended claims.

I claim:

1. A two-stage sequentially operated valve assembly
comprising an inlet port and an outlet port, first and
second valve means each controlling the flow of fluid
from said inlet port to said outlet port, said first valve
means Including a surface portion in communication
with said inlet port such that fluid pressure on the inlet
side of said valve assembly acts to close said first valve
means, sald second valve means including a portion in
slidable engagement with said first valve means, said
portion having a surface in communication with said
inlet port such that fluid pressure on the inlet side of said
valve assembly acts only on said surface of said portion

to provide a force acting to open said second valve

means and whereby said force is not offset by any fluid
pressure tending to close said second valve means, and
actuating means operatively connected to both said first
and second valve means for initially opening said sec-
ond valve means and thereafter opening said first valve
means, said actuating means providing a force retaining
said second valve means in a closed position, a pressure
chamber in communication with said inlet port for re-
ceiving fluid from the inlet side of said valve assembly,
said first valve means including a valve disc member
and a valve seat, said valve disc member having said
surface portion formed on its outer periphery and being
arranged with said surface portion in said pressure
chamber whereby the fluid inlet pressure on said inlet
side of said valve assembly can act to move said valve
disc member into engagement with said valve seat.

2. A two-stage sequentially operated valve assembly
in accordance with claim 1 wherein said actuating
means includes a valve stem connected to said second
valve means, said valve stem having a first position in
which said second valve means is closed and a second
position wherein said second valve means is open and
said first valve means is closed, said actuating means
further includes means for coupling said first and sec-
ond valve means in said second position whereby said

first valve means can be operated, said coupling means
being also operative in said second position to transmit

the force acting to open said second valve means to said
first valve means for offsetting the fluid pressure acting
to close said first valve means.

3. A two-stage sequentially operated valve assembly
in accordance with claim 1 wherein flow control means
is provided between said inlet port and said second
valve means for allowing flow from said inlet port to
said second valve means when said first valve means is
closed and for discontinuing flow from said inlet port to

said second valve means after said first valve means has

opened whereby flow from said inlet port is transferred
from said second valve means through said first valve

mcans only.
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4. A two-stage sequentially operated valve assembly
in accordance with claim 1 wherein said first valve
means includes a valve disc member and a valve seat

and wherein said second valve means includes a valve
member located within said valve disc member and a

second valve seat also located within said valve disc:

member, said valve disc member being formed with
port means adjacent said second valve means and in
communication with said inlet port when said first valve
means is closed and out of communication with said
inlet port after said first valve means has opened
whereby fluid from said inlet port can flow to said
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second valve means until said first valve means is
opened and thereafter can flow to said first valve means
only. - |

5. A two-stage sequentially operated valve assembly
in accordance with claim 1 wherein said first and sec-
ond valve means 1s opened, the fluid pressure acting to
open said second valve means 1s transmitted to said first
valve means. -

6. A two-stage sequentially operated valve assembly
in accordance with claim 1 wherein said first valve
means 1S a main flow control valve and said second
valve means includes pressure reducing valve means.

7. A two-stage sequentially operated valve assembly
in accordance with claim 1 wherein said first valve
means includes a main valve disc, one face of said valve
disc cooperating with a valve seat in its closed position,
said surface portion of said first valve means being an
opposite face of said main valve disc.

8. A two-stage sequentially operated valve assembly
in accordance with claim 1 wherein said portion of said
second valve means is a piston member adjacent said
second valve means.

9. A two-stage sequentially operated valve assembly
in accordance with claim 1 wherein said first valve
means mncludes a main valve disc one face of which
cooperates with a valve seat to close said valve means,
said surface portion of said first valve means comprising
another face of said main valve disc, said second valve
means including a valve member cooperating with a
valve seat to close said second valve means and said
portion of said second valve means comprising a piston
bearing on a face of said valve member.

10. A two-stage sequentially operated valve assembly
in accordance with claim 9 wherein said second valve
means Includes a pressure reducing valve arrangement.

11. A two-stage sequentially operated valve assembly
in accordance with claim 1 wherein said actuating
means includes a stem connected to said second valve
means and a guide sleeve rigidly connected to said first
valve means, said stem being slidably carried in said
guide sleeve between a first position wherein said sec-
ond valve means 1s closed and a second position
wherein said second valve means is open.

12. A two-stage sequentially operated valve assembly
in accordance with clain 11 including means in said
second position for coupling said stem and said first
valve means whereby further movement of said stem
opens said first valve means.

13. A two-stage sequentially operated valve assembly
comprising an inlet port and an outlet port, first and
second valve means each controlling the flow of fluid
from said inlet port to said outlet port, said first valve
means being a main control valve and including a main
valve disc one face of which cooperates wiith a first
valve seat for controlling the flow of fluid through said
ports, said second valve means including a second valve
seat carried in said valve disc and a valve member coop-
erating with said second valve seat for controlling the
flow of fluid through said ports, said main valve disc
including another face in communication with said inlet
port such that fluid pressure on the inlet side of said
valve assembly acts to close said first valve means, said
second valve means bearing on and being connected for
movement with a piston member one face of which is in
communication with said inlet port, said piston member
being m slidable engagement with a bore in said main
valve disc such that fluid pressure acts only on said one
face thereof developing a force acting to open said
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second valve means and such that the net inlet pressure
fluid forces do not act to close said second valve means,
and actuating means for sequentially opening said first
and second valve means, said actuating means including
a stem connected to said piston member and said valve
member, said actuating means being movable from a

5

first position wherein said first and second valve means |

are closed to a second position wherein satd second
valve means is open, means for transmitting force to
said valve disc when said actuating means is 1n said
second position such that fluid pressure acting to open
said second valve means is transmitted to said first valve
means for offsetting the fluid pressure acting to close
said first valve means and such that movement of said
stem beyond said second position opens said first valve
means, a pressure chamber in communication with said
inlet port for receiving fluid from the inlet side of said
valve assembly, said another face of said main valve
disc being formed on the outer periphery thereof and
being opposite to said one face thereof, said another
face of said main valve disc being located in said pres-
sure chamber whereby fluid pressure on the inlet side of
said valve assembly acts on said another face of said
main valve disc to retain said main valve disc in engage-
ment with said first valve seat.

14. A two-stage sequentially operated valve assembly
in accordance with claim 13 wherein said main valve
- disc includes flow control means between said inlet port
and said second valve means for allowing the flow of
fluid from said inlet port to said second valve means
when said first valve means is closed and for discontin-
uing the flow of fluid from said inlet port to said second
valve means after said first valve means has opened
whereby the flow of fluid from said inlet port is trans-
ferred from said second valve means to said first valve
means after said first valve means has opened.

15. A two-stage sequentially operated valve assembly
in accordance with claim 13 wherein said main valve
disc is formed with port means for communication be-
tween said inlet port and said second valve means when
said first valve means is closed, said port means being
movable to a position wherein communication between
said inlet port and said second valve means is discontin-
ued after said first valve means is opened whereby the
flow of fluid from said inlet port is transferred from said
second valve means to said first valve means after said
first valve means has opened.

16. A two-stage sequentially operated valve assembly
in accordance with claim 13 wherein said main valve
disc is located for sliding movement in a bore and
wherein the end of said main valve disc opposite said
first valve seat and said bore form a chamber into which
fluid can leak and resist opening of said first valve
means, said stem being movable in said chamber and
through said opposite end of said main valve disc, said
stem further including passage means for communicat-
ing between said chamber and said outlet port whereby
fluid in said chamber can be discharged.

17. A two-stage sequentially operated valve assembly
in accordance with claim 16 wherein said passage
means is closed when said second valve means is closed
and is open when said second valve means is open.

18. A two-stage sequentially operated valve assembly
comprising an inlet port and an outlet port, first and
second valve means each controlling the flow of fluid
from said inlet port to said outlet port, said first valve
means including a surface portion in communication
with said inlet port such that fluid pressure on the inlet
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side of said valve assembly acts to close said first valve
means, said second valve means including a portion in
slidable engagement with said first valve means, said
portion having a surface in communication with said
inlet port such that fluid pressure on the inlet side of said
valve assembly acts only on said surface of said portion
to provide a force acting to open said second valve
means and whereby said force is not offset by any inlet

fluid pressure tending to close said second valve means,
and actuating means operatively connected to both said

first and second valve means for intially opening said
second valve means and thereafter opening said first
valve means, said actuating means providing a force

retaining said second valve means in a closed position,

flow control means provided between said inlet port
and said second valve means for allowing flow from
said inlet port to said second valve means when said first
valve means is closed and for discontinuing flow from
said inlet port to said second valve means after said first
valve means has opened whereby all of the flow from
said inlet port is transferred from said second valve
means through said first valve means only, said flow
control means being operative to start reducing flow
through said second valve means as said first valve
means starts t0 open. |

19. A two-stage sequentially operated valve assembly
comprising an inlet port and an outlet port, first and
second valve means each controlling the flow of fluid
from said inlet port to said outlet port, said first valve
means including a surface portion in communication
with said inlet port such that fluid pressure on the inlet
side of said valve assembly acts to close said first valve
means, said second valve means including a portion in
slidable engagement with said first valve means, said
portion having a surface in communication with said
inlet port such that fluid pressure on the inlet side of said
valve assembly acts only on said surface of said portion
to provide a force acting to open said second valve
means and whereby said force is not offset by any inlet
fluid pressure tending to close said second valve means,
and actuating means operatively connected to both said
first and second valve means for initially opening said
sccond valve means and thereafter opening said first
valve means, said actuating means providing a force
retaining said second valve means in a closed position,
sald first valve means including a valve disc member
and a valve seat and wherein said second valve means
includes a valve member located within said valve disc
member and a second valve seat also located within said
valve disc member, said valve disc member being
formed with port means adjacent said second valve
means and in communication with said inlet port when
said first valve means is closed and out of communica-
tion with said inlet port after said first valve means has
opened whereby fluid from said inlet port can flow to
said second valve means until said first valve means is
opened and thereafter can flow to said first valve means
only, said port means moving out of communication
with said inlet port to start reducing flow through said

second valve means as said first valve means starts to
open.

20. A two-stage sequentially operated valve assembly
comprising an inlet port and an outlet port, first and
second valve means each controlling the flow of fluid
from said inlet port to said outlet port, said first valve
means being a main control valve and including a main
valve disc one face of which cooperates with a first
valve seat for controlling the flow of fluid through said
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ports, said second valve means including a second valve
seat carried in said main valve disc and a valve member
cooperating with satd second valve seat for controlling
the flow of fluid through said ports, said main valve disc
including another face in communication with said inlet
port such that fluid pressure on the inlet side of said
valve assembly acts to close said first valve means, said

second valve means bearing on and being connected for

movement with a piston member one face of which is in
communication with said inlet port, said piston member
being in slidable engagement with a bore in said main
valve disc such that fluitd pressure acts only on said one
face thereof developing a force acting to open said
second valve means and such that the net inlet pressure
fluid forces do not act to close said second valve means,
and actuating means for sequentially opening said first

and second valve means, said actuating means including
a stem connected to said piston member and said valve

member, said actuating means being movable from a

first position wherein said first and second valve means
are closed to a second position wherein said second
valve means is open, means for transmitting force to
said valve disc when said actuating means is in said
second position such that fluid pressure acting to open
said second valve means is transmitted to said first valve
means for offsetting the fluid pressure acting to close
said first valve means and such that movement of said
stem beyond said second position opens said first valve
means, said main valve disc including flow control
means between said iniet port and said second valve
means for allowing the flow of fluid from said inlet port
to said second valve means when said first valve means
is closed and for discontinuing the flow of fluid from
said inlet port to said second valve means after said first
valve means has opened whereby all of the flow of fluid
from said inlet port is transferred from said second
valve means to said first valve means after said first
valve means has opened, said flow control means being
operative to start discontinuing flow through said sec-
ond valve means as said first valve means starts to open.

21. A two-stage sequentially operated valve assembly
comprising an inlet port and an outlet port, first and
second valve means each controlling the flow of fluid

from said inlet port to said outlet port, said first valve

means being a main control valve and including a main
valve disc one face of which cooperates with a first
valve seat for controlling the flow of fluid through said
ports, said second valve means including a second valve
seat carried in said main valve disc and a valve member

cooperating with said second valve seat for controlling

the flow of fluid through said ports, said main valve disc
including another face in communication with said inlet

port such that fluid pressure on the inlet side of said
valve assembly acts to close said first valve means, said

seco:xd valve means bearing on and being connected for

movement with a piston member one face of which is in
communication with said inlet port, said piston member

being in slidable engagement with a bore in said main -

valve disc such that fluid pressure acts only on said one
face thereof developing a force acting to open said
second valve means and such that the net inlet pressure
fluid forces do not act to close said second valve means
and, actuating means for sequentially opening said first
and second valve means, said actuating means including
a stem connected to said piston member and said valve
member, said actuating means being movable from a
first position wherein said first and second valve means
are closed to a second position wherein said second
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valve means is open, means for transmitting force to
said valve disc when said actuating means is in said
second position such that fluid pressure acting to open
said second valve means is transmitted to said first valve
means for offsetting the fluid pressure acting to close
said first valve means and such that movement of said
stem beyond said second position opens said first valve
means, said main valve disc being formed with port
means for communication between said inlet port and
said second valve means when said first valve means is
closed, said port means being movable to a position
wherein communication between said inlet port and
said second valve means is discontinued after said first
valve means i1s opened whereby all of the flow of fluid
from said inlet port is transferred from said second
valve means to said first valve means after said first
valve means has opened, said port means moving out of
communication with said inlet port to start reducing
flow through said second valve means as said first valve
means starts to open.

22. A two-stage sequentially operated valve assembly
comprising an inlet port and an outlet port, first and
second valve means each controlling the flow of fluid
from said inlet port to said outlet port, said first valve
means being a main control valve and including a main
valve disc one face of which cooperates with a first
valve seat for controlling the flow of fluid through said
ports, said second valve means including a second valve
seat carried in said valve disc and a valve member coop-
erating with said second valve seat for controlling the
flow of fluid through said ports, said main valve disc
including another face in communication with said inlet
port such that fluid pressure on the inlet side of said
valve assembly acts to close said first valve means, said
second valve means bearing on and being connected for
movement with a piston member one face of which is in
communication with said inlet port, said piston member
being in slidable engagement with a bore in said main
valve disc such that fluid pressure acts only on said one
face thereof developing a force acting to open said
second valve means and such that the net inlet pressure
fluid forces do not act to close said second valve means,
and actuating means for sequentially opening said first
and second valve means, said actuating means including
a stem connected to said piston member and said valve
member, said actuating means being movable from a
first position wherein said first and second valve means
are closed to a second position wherein said second
valve means is open, means for transmitting force to

‘said valve disc when said actuating means 1s 1n said

second position such that fluid pressure acting to open
said second valve means is transmitted to said first valve
means for offsetting the fluid pressure acting to close
said first valve means and such that movement of said
stem beyond said second-position opens said first valve
means, said main valve disc being located for sliding
movement in a bore and wherein the end of said main
valve disc opposite said first valve seat and said bore
form a chamber into which fluid can leak and resist
opening of said first valve means, said stem being mov-
able in said chamber and through said opposite end of
said main valve disc, said stem further including passage
means for communicating between said chamber and
said outlet port whereby fluid in said chamber can be
discharged, said passage means being closed when said
second valve means is closed and being open when said

second valve means is open.
| - k %k k% %
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